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INTRODUCTION 

Current  p lans for t h e  commercial development o f  o i l  shale resources a r e  de- 
s igned to o b t a i n  t h e  maximum amount o f  o i l  f rom the  l e a s t  amount o f  shale.  W i th in  
the  Un i ted  States,  t he  i n d u s t r y  would use t h e  t h i c k ,  r i c h  seams which a r e  reason- 
a b l y  c l o s e  t o  the su r face  i n  t h e  Green R i v e r  Formation i n  t h e  Rocky Mountain reg ion.  
Th is  fo rma t ion  i s  made up o f  f o u r  p r i n c i p a l  bas ins,  t he  Piceance Creek Basin i n  
Colorado, t he  U i n t a  Bas in  i n  Utah,  and t h e  Green R ive r  and Washakie Basins i n  
Wyoming. The c o n s t r u c t i o n  of m i n i n g  opera t i ons ,  bo th  su r face  and subsurface, t o  
suppor t  aboveground r e t o r t i n g  processes w i l l  be designed i n  such a manner t h a t  the 
t h i c k e s t  seams o f  r i c h  s h a l e  w i l l  be used. Mod i f i ed  i n  s i t u  r e t o r t s  w i l l  be de- 
s igned t o  develop t h e  t a l l e s t  r u b b l e  chimneys t e c h n i c a l l y  f e a s i b l e .  True i n  s i t u  
r e t o r t i n g  s i t e s  w i l l  be l oca ted  i n  those sha le  seams which a r e  i n a c c e s s i b l e  t o  the 
o t h e r  techno log ies  and w i l l  produce the  maximum amount o f  h i g h  q u a l i t y  product  o i l .  

O f  a l l  t h e  p o s s i b l e  v a r i a b l e s  which can a f f e c t  t he  q u a l i t y  o f  sha le  o i l ,  t he  
r e t o r t i n g  method i s  by f a r  t he  most s i g n i f i c a n t  (i, L).l I t  i s  a l s o  known t h a t  
sha le  t ype  can a f f e c t  o i l  q u a l i t y .  A d e t a i l e d  s tudy o f  Colorado sha le  o i l s  and 
Paraiba V a l l e y  ( B r a z i l )  s h a l e  o i l s  showed s i g n i f i c a n t  d i f f e r e n c e s  between the  two 
i n  such c h a r a c t e r i s t i c s  as  residuum con ten t ,  n i t r o g e n  con ten t ,  d i s t r i b u t i o n  o f  
n i t r o g e n  by b o i l i n g  range in  t h e  o i l  and hydrocarbon types (3) .  Considerat ion o f  
t he  q u a l i t y  o f  the shale from a g i ven  l o c a t i o n  has g e n e r a l l y  been con f ined  t o  the  
v a r i a t i o n s  i n  y i e l d  ( g a l l o n s  o f  o i l  per  t o n  o f  shale)  and i t s  m in ing  and r e t o r t i n g  
p r o p e r t i e s .  

TO date, t he  s t r a t i g r a p h i c  v a r i a t i o n  o f  o i l  sha le  as i t  r e l a t e s  t o  o i l  q u a l i t y  
has received l i t t l e  a t t e n t i o n .  Robinson and Cook (4, 5, 5) have pub1 ished a th ree  
p a r t  study on the  v a r i a t i o n s  o f  t he  o rgan ic  source m a t e r i a l  w i t h i n  t h r e e  bas ins i n  
the  Green R ive r  Formation. U i f f e r e n c e s  i n  the  o r g a n i c  source m a t e r i a l  between 
bas ins  were noted and v a r i a t i o n s  w i t h  dep th  w i t h i n  bas ins  were a l s o  observed. To 
date,  t h ree  systemat ic ,  d e p t h - r e l a t e d  s t u d i e s  on sha le  o i l s  have been completed. 
Two a r e  concerned p r i m a r i l y  w i t h  t h e  decreas ing s p e c i f i c  g r a v i t y  o f  some (bu t  no t  
a l l )  o i l s  w i t h  i nc reas ing  dep th  (5, 7 )  t h e  o t h e r  s tudy dea ls  w i t h  the n i t r o g e n  
compound types i n  Green R i v e r  o i l - s h a l e  and i t s  kerogen degrada t ion  p roduc ts  (8) .  

Smith (7) compared the o i l  f rom a 30 f o o t  s e c t i o n  o f  t h e  Mahogany Zone and a 
composite o i l  from t w o  d inscon t inuous  lower  zone s e c t i o n s  ( t o t a l  l e n g t h  310 f t ) .  
The a n a l y s i s  was done on F i sche r  Assay o i l s  composited from d r i l l  c u t t i n g s .  The 
t w o  composite o i l s  were produced f rom shales 1,030 f e e t  apa r t .  V a r i a t i o n s  were 
no ted  i n  s p e c i f i c  g r a v i t y ,  e lementa l  composi t ion f o r  n i t r o g e n  and s u l f u r ,  v i s c o s i t y  
and b o i l i n g  range d i s t r i b u t i o n .  
n i t r o g e n  t ypes  i n  low temperature thermal degradat ion products  o f  sha le  (>200°C) 
were most ly  v e r y  weak bases and n e u t r a l  n i t r o g e n  types.  

1 Under l ined numbers i n  parentheses r e f e r  t o  i tems i n  the  l i s t  o f  references a t  

I n  t he  o t h e r  s tudy (E), i t  was found t h a t  t he  

the  end o f  t h i s  r e p o r t .  
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The c u r r e n t  s tudy was undertaken t o  p r o v i d e  i n f o r m a t i o n  on p o t e n t i a l  v a r i a t i o n s  
i n  o i l  q u a l i t y  and composi t ion w i t h  i n c r e a s i n g  depth o f  b u r i a l  o f  the source rock.  
Such v a r i a t i o n s  would be encountered by any p r o d u c t i o n  f a c i l i t y  which o b t a i n s  i t s  
raw m a t e r i a l s  from the v e r t i c a l  development o f  an o i l  sha le  d e p o s i t  by m in ing  o r  i n  
s i t u  r e t o r t i n g .  

Knowledge o f  these p o t e n t i a l  v a r i a t i o n s  i s  u s e f u l  for t w o  reasons. F i r s t ,  i t  
w i l l  h e l p  assure t h a t  t he  technology chosen f o r  any p a r t i c u l a r  s i t e  w i l l  be s u f f i -  
c i e n t  t o  handle these product  v a r i a b l e s  and a l l o w  optimum resource recovery as 
p roduc t i on  proceeds down through the shale bed. Secondly, sound p lann ing  i s  essen- 
t i a l  to guarantee t h a t  o i l  shale development occurs i n  a manner which prec ludes any 
s i g n i f i c a n t  env i ronmenta l  degradat ion.  The e v a l u a t i o n  o f  t h e  p o t e n t i a l  impact of 
o i l  shale products  and e f f l u e n t s  o n  t he  b iosphere i s  j u s t  beg inn ing  t o  produce 
p r e l i m i n a r y  r e s u l t s  ( 9 ) .  As an a i d  i n  answering env i ronmenta l  quest ions by the  
t ime  f u l l  sca le  development begins, t h i s  s tudy w i l l  p r o v i d e  the  i n i t i a l  data on o i l  
c h a r a c t e r i s t i c s  as produced through a v e r t i c a l  sha le  bed. Th is  w i l l  a l l o w  poten-  
t i a l  problems t o  be recognized as soon as they a r e  d e l i n e a t e d  by the  environmental 
impact research e f f o r t  and w i l l  pe rm i t  t h e  most r a p i d  development o f  the c o n t r o l  
technology which must supplement the p roduc t i on  technology f o r  o r d e r l y  development 
o f  the resource. 

EXPERIMENTAL 

A co re  was o b t a i n e d  in t h e  Nor thern Green R ive r  Basin i n  T 21 N, R I O 7  W ,  
Sweetwater Co., WY. The l i t h o g r a p h i c  d e s c r i p t i o n  was ob ta ined  on the co re  a t  
approx imate ly  one f o o t  i n t e r v a l s  and the F i sche r  Assay was c a r r i e d  o u t  on t he  
sec t i ons  c o n t a i n i n g  kerogen by the  O i l  Shale C h a r a c t e r i s t i c s  D i v i s i o n ,  Mod i f i ed  
F i sche r  Assay Laboratory  of t h e  Laramie Energy Research Center. The F i sche r  Assay 
o i l s  were c o l l e c t e d  i n  I I  composite o i l s  compr is ing the  o i l  produced from shale 
seams o f  s i m i l a r  appearance. The 1 1  composite o i l s  were o b t a i n e d  from the  t h r e e  
p r i n c i p a l  members o f  t he  Green R ive r  O i l  Shale Formation appear ing i n  t h i s  bas in .  
The f i r s t  t w o  composite o i l s ,  L I  and L2, a re  f rom t h e  Laney member, t he  next  e i g h t  
composite o i l s ,  W P I  t o  WP8 a re  from the  Wi l ken ' s  Peak member, t h e  l a s t  o i l  i s  T I  
and i s  from the  T i p t o n  member which i s  t he  lowest s t r a t a .  

The I I  o i l s  produced by the  mod i f i ed  F i sche r  Assay a n a l y s i s  o f  t h e  o i l  bea r ing  
s t r a t a  o f  the co re  were c h a r a c t e r i z e d  by major and t r a c e  element a n a l y s i s ,  pour  
p o i n t ,  v i s c o s i t y ,  and s p e c i f i c  g r a v i t y .  B o i l i n g  range d i s t r i b u t i o n  o f  the t o t a l  
o i l s  and hydrocarbon t ype  a n a l y s i s  as a f u n c t i o n  o f  percent  composi t ion and b o i l i n g  
range d i s t r i b u t i o n  was determined as descr ibed elsewhere (IO). The nonaqueous 
t i t r a t i o n  o f  the bases was done i n  a c e t i c  anhydr ide -benzene(1  t o  I )  w i t h  pe rch lo -  
r i c  a c i d  (2, 12) and t h e  a c i d s  were t i t r a t e d  w i t h  tetrabutylammonium hydrox ide i n  
1 t o  1 b e n z e n e q c e t o n i t r i l e  (Ij). These data p r o v i d e  i n f o r m a t i o n  re levan t  t o  s i t e  
s e l e c t i o n ,  p roduc t i on ,  and r e f i n i n g  technology, environmentat p lann ing ,  and c o n t r o l  
techno logy. 

RESULTS AND DISCUSSION 

A d e s c r i p t i o n  o f  the v a r i o u s  sec t i ons  o f  co re  and the  r e s u l t i n g  o i l s  i s  g i ven  
i n  Table 1 .  The pour p o i n t  da ta  d e m n s t r a t e s  a p a t t e r n  found i n  the  analyses o f  
these o i l s ,  namely the  o i l s  L I  and L2 l i e  a t  one extreme and WPI l i e s  a t  t he  o t h e r  
extreme w h i l e  UP2 through WP8 l i e  i n  between i n  i r r e g u l a r  o rde r ,  T I  i s  u s u a l l y  
found a t  e i t h e r  extreme. Th is  p a t t e r n  i s  a l s o  found i n  t h e  elemental a n a l y s i s  f o r  
n i t r o g e n  and s u l f u r  (Table 2). s a t u r a t e  hydrocarbon a n a l y s i s  (Table 3 ) ,  p o l a r ,  
m a t e r i a l  a n a l y s i s  (Table 3 ) ,  and acid-base a n a l y s i s  (Table 4 and Table 5 ) .  The 
l i s t  of phys i ca l  p r o p e r t i e s  on the o i l s  i s  completed by Table 6 which g i ves  t h e  
percent  composi t ion o f  the o i l s  by 200°F b o i l i n g  range increments. 
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TABLE 1 .  - D e s c r i p t i o n  o f  Wyoming c o r e  and F i s c h e r  Assay o i l s  

Sec t ion  Depth' LengthZ Ga l / ton  V i s c o s i t y 3  Sp. g r .  Pour p t .  

771.5 
870.5 
1064.7 
1109.0 
1157.6 
1250. O4 
1276.4 
1322.0 
1515.0 
1616.0 

38. I 
59.6 
44.3 
48.6 
41.2 
26.2 
45.6 
193.0 
101 .o 
94.0 

L l  
L2 
WP 1 
WP2 
wp3 
WP4 
WP5 
WP6 
WP7 
W P ~  
T I  1710.0 7.0 4.5 82 

I Top o f  s e c t i o n ,  d e p t h  i n  fee t .  
Exc lud ing  b a r r e n  s e c t i o n s ,  l e n g t h  i n  fee t .  
S . U . S  a t  I O O O F .  
51.2 f t  o f  c o r e  m i s s i n g  between WP3 and WP4. 

TABLE 2. - A n a l y s i s  o f  major elements i n  F i s c h e r  Assay 
o i l s  f rom Wyoming c o r e  

5.3 
10.3 
13.5 
15.1 
11.0 
8.0 
15.9 
6.1 
8.9 
7 . 3  

228 
112 
84 
I06 
86 
172 
118 
102 
94 
I24 

S e c t i o n  C H H/C N S 0' 

0.964 
0.917 
0.918 
0.921 
0.923 
0.923 
0.928 
0 * 927 
0.933 
0.919 
0.907 

90 
85 
50 
60 
60 
75 
70 
65 
65 
70 
85 

L I  84.06 
L2  82.85 
WP 1 84.42 
WP2 83.84 
wp3 83.79 
WP4 84.26 
wp5 84.06 
WP6 84.02 
wp7 84.45 
WP8 84.66 

By d i f f e r e n c e .  

IO. 77 
11.26 
I I .23 
11.39 
11.13 
1 1 . 1 4  
1 1 . 1 1  
1 1  .oo 

11.06 
I I .07 

1.54 1.66 1.62 1.89 
1.63 1.59 1.86 2.44 
1.60 2.26 0.76 1.33 
1.63 2.11 1.14 1.52 
1.59 2.03 1.40 1.65 
1.59 2.12 0.97 1.51 
1.59 2.32 0.99 1.52 
1.59 2.03 0.68 2.27 
1.59 2.21 0.53 1.74 
1.58 1.86 0.57 1.85 

V a r i a t i o n s  i n  O i l  P r o p e r t i e s  

As shown i n  Tab le  1 ,  t h e  l e n g t h s  o f  the  v a r i o u s  s e c t i o n s  range from 7.0 t o  
193.0 f ee t ,  w i t h  the  lengths  b e i n g  determined by i n t e r v a l s  o f  l i t h o l o g i c  homgene- 
i t y .  The f i r s t  two s e c t i o n s ,  t o t a l  l e n g t h  97.7 f e e t ,  a re  l oca ted  i n  t h e  Laney 
member o f  t h e  Green R i v e r  Formation. The Laney member i s  an o i l  s h a l e  mar ls tone 
s e c t i o n  which begins a t  t h e  base o f  t h e  B r i d g e r  Format ion and cont inues  t o  t h e  top  
o f  the  sodium-sal t  m i n e r a l  o i l  s h a l e  s e c t i o n  known as the  W i l k e n ' s  Peak member. 
The W i l k e n ' s  Peak member i s  composed o f  L a c u s t r i n e  sediments c o n t a i n i n g  o i l  shale 
mar ls tone and t rona  (sodium carbonate  and sodium b icarbonate) ,  s h o r t i t e ,  and o ther  
e x o t i c  carbonate minera l  combinat ions.  E igh t  s e c t i o n s  w i t h  a t o t a l  l e n g t h  o f  500.1 
f ee t  were o b t a i n e d  from t h i s  s e c t i o n .  
t he  c o r e  near  the  t o p  o f  the  W i l k e n ' s  Peak member and i s  no t  inc luded i n  these 
r e s u l t s .  The T i p t o n  member i s  very  t h i n  i n  t h i s  r e g i o n  and y i e l d e d  o n l y  one 7.0 f t  
s e c t i o n  o f  core.  T h i s  sample shou ld  n o t  be cons idered r e p r e s e n t a t i v e  o f  t he  o i l  
sha les  which make up t h e  T i p t o n .  
s e c t i o n  i s  n o t  discussed and inc luded f o r  comparison o n l y .  

An i n t e r v a l  o f  51.2 f e e t  was m i s s i n g  from 

The r e s u l t s  o f  t he  a n a l y s i s  on t h e  o i l  from t h i s  
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TABLE 3. - A n a l y s i s  o f  F ischer  Assay o i l s  f o r  percentage 

m a t e r i a l  
s a t u r a t e  hydrocarbon, p o l a r ,  and nonpolar 

Sect i o n  P o l a r  Nonpolar' Sa t u r a t e s z  

L2 43 
WP I 55 
WP2 53 
WP3 50 
WP4 54 
UP5 54 
WP6 54 
wp7 52 
WP8 51 

57 
45 
47 
50 
46 
46 
46 

49 
48 

1 1 . 1  
8.90 
9.67 

9.80 
9.73 
9.85 
9.76 
9.98 

10.2 

T I  40 60 13.3 
Removed from F l o r i s i l  column w i t h  c y c l o -  
hexane. 
By a b s o r p t i o n .  

TABLE 4. - A c i d  t ype  a n a l y s i s  o f  F ischer  Assay o i l s  from 
Wyoming core'  

A c i d  type, Meq/g o i l  
Sec t ion  Weak a c i d s  Very weak ac ids  To ta l  a c i d s  

L I  0.045 
L2 0.034 
WP 1 0.021 
WP2 0.021 
WP 3 0.020 
WP4 0.025 
wp5 0.01 5 
WP6 0.014 
WP7 0.014 

0.347 
0.262 
0.227 
0.217 
0.227 
0.253 
0.237 
0.246 
0.240 

WP8 0.028 0.258 0.286 
Determined by nonaqueous t i t r a t i o n  w i t h  t e t r a b u t y l  
ammonium hydrox ide  i n  b e n z e n e - a c e t o n i t r i l e .  

The o i l  shales f rom t h i s  reg ion  o f  Wyoming a r e  g e n e r a l l y  c lassed as very  lean 
t o  l ean  i n d i c a t i n g  t h a t  t h e i r  o i l  y i e l d  on r e t o r t i n g  i s  low. Th is  i s  supported by 
the  assay d a t a  i n  Tab le  1 where the  va lues  range from 5.3 g a l l o n s  pe r  ton i n  L I  to 
15.9 g a l l o n s  per ton  i n  WP5. The v i s c o s i t y  a t  100°F, s p e c i f i c  g r a v i t y  and pour 
p o i n t  o f  L I  a r e  a l l  u n u s u a l l y  h i g h  when compared t o  the  o t h e r  o i l s  bu t  a s i d e  from 
t h i s  one example no r e l a t i o n s h i p  appears t o  e x i s t  among these p r o p e r t i e s  and t h e i r  
depth  o f  b u r i a l  o r  y i e l d  i n  g a l l o n s  pe r  ton.  

The elemental  a n a l y s i s  o f  t he  o i l s  a r e  g iven i n  Tab le  2 and severa l  comments 
can be made comparing these d a t a  and the  m a t e r i a l  presented i n  Tables 3 th rough 6. 
(a) The o i l s  w i t h  a H/C r a t i o  o f  1.60 o r  more, L2, WPI,  and UP2 show a s i g n i f i c a n t  
inc rease i n  the  amount o f  m a t e r i a l  w i t h  a b o i l i n g  p o i n t  o f  less  than 4OO0F (Table 
6 ) .  (b)  The amount of t o t a l  n i t r o g e n  i n  t h e  o i l  i s  d i r e c t l y  p r o p o r t i o n a l  t o  the  
t o t a l  bases and t o t a l  bas i c  n i t r o g e n  i n  t h e  o i l s  (Table 5 ) .  ( c )  The o i l s  f rom t h e  
Laney member c o n t a i n  l ess  than 2% n i t r o g e n  and the  weak/very weak base r a t i o  i s  
about one whereas the  W i l k e n ' s  Peak o i l s  c o n t a i n  g r e a t e r  than 2% n i t r o g e n  and the  

0.302 
0.228 
0.206 
0.196 
0.207 
0.228 
0.222 
0.232 
0.226 
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TABLE 5. - Base t ype  a n a l y s i s  o f  F i sche r  Assay o i l s  from Wyoming core '  

Base types, Meq/g o i l  Basic n i t r o g e n  type,  w t %  Nonbasicq 
Sect ion WeakL Very weak3 To ta l  WeakZ Very weakj To ta l  N, w t %  

L I  0.486 0.373 0.859 0.681 0.522 1.203 0.46 
L2 0.435 0.501 0.936 0.610 0.710 1.320 0.27 
WP 1 0.832 0.399 1.231 1.169 0.559 1.728 0.52 
WP2 0.752 0.436 1.188 1.054 0.610 1.664 0.45 
wp3 0.732 0.420 1.152 1.025 0.588 1.613 0.42 
WP4 0.698 0.416 1.114 0.977 0.583 1.560 0.56 
WP5 0.764 0.470 1.234 1.069 0.658 1.727 0.59 
WP6 0.736 0.388 1.124 1.030 0.543 1.573 0.50 
W P 7  0.771 0.438 1.209 1.108 0.613 1.721 0.49 
W P 8  0.650 0.416 1.066 0.910 0.582 1.492 0.37 

Determined by nonaqueous t i t r a t i o n  w i t h  p e r c h l o r i c  a c i d  i n  a c e t i c  anhydride- 
benzene ( I  : 1 ) .  

2 

3 ;;a = +2 t o  -2, p y r r o l e s ,  i ndo les ,  amides. 
= +8 t o  +2, p y r i d i n e s ,  q u i n o l i n e s ,  an i1  ines,  a l k y l a t e d  p y r r o l e s .  

Defermined by d i f f e r e n c e  u s i n g  t o t a l  N a n a l y s i s  f rom t a b l e  2, n i t r i l e s ,  
ca rbazo I es . 

TABLE 6. - Composit ion by b o i l i n g  range f o r  t h e  o i l s  ob ta ined  by F i sche r  Assay 
o f  Wyoming core1 

B o i l i n g  range f r a c t i o n s ,  percent  o f  t o t a l  
Sect ion i b p  t o  400 400 t o  600 600 t o  800 800 to 1,000 Residue 

L I  1 20.8 31.4 31.1 

WP 1 15.5 24.3 26.1 21.9 
L2 12.0 23.9 27.5 24.0 

WP2 13.0 23.6 26.1 21.4 
wp3 7.8 22.4 28.0 26.7 
WP4 3.6 23.4 29.5 28.1 
wp5 7.0 22.7 28.4 27.6 

wp7 7.6 24. I 29.0 28.9 
WP6 6.7 24.0 28.9 28.3 

WP8 6.2 23.5 30.9 30.8 
T I  8.9 24.9 28.9 22.1 

I Determined by s imu la ted  d i s t i l l a t i o n .  

16.5 
13.1 
12.2 
15.9 
15.1 
15.4 
14.3 
12.1 
10.4 
8.6 

15.3 

weak/very weak base r a t i o  i s  about two (Table 5 ) .  (d) The amount and types o f  
a c i d s  present  i n  the o i l s  do no t  f o l l o w  the  sequence o f  percent  oxygen i n  the  o i l s  
(Tab le  4). (e)  Wi th  the  excep t ion  o f  WPI, t he  amount o f  nonpolar  m a t e r i a l  i n  the 
o i l s  g e n e r a l l y  decreases w i t h  the  n i t r o g e n  con ten t  o f  the  o i l  bu t  s u l f u r  has l i t t l e  
o r  no e f f e c t  (Table 3 ) .  

The v a r i a t i o n  i n  the o i l s  when analyzed by s imulated d i s t i l l a t i o n  for b o i l i n g  
range d i s t r i b u t i o n  i s  g i ven  i n  Table 6. The L I  s e c t i o n  i s  d e f i c i e n t  i n  m a t e r i a l  
b o i l i n g  below 400°F. Sect ions L2, WPI, and WP2 show 12.0 t o  15.0 percent  o f  mate- 
r i a l  b o i l i n g  below 400°F w i t h  21.4 t o  24.0 percent  i n  the  800 t o  1 ,OOO"F  range. 
The remain ing o i l s  a r e  g e n e r a l l y  heav ie r ,  showing l e s s  than 8% below 400°F and more 
than  28% i n  t h i s  800-1,OOO"F range. Sect ion WP8 shows l e s s  than 9% m a t e r i a l  b o i l i n g  
above I,OOO°F w h i l e  the  o t h e r  o i l s  va ry  between 16.5% and 10.4%. 
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Processing Considerat  ions 

The b u l k  p r o p e r t i e s  which r e l a t e  t o  hand l i ng  the  o i l s  s p e c i f i c  g r a v i t y ,  pour 
P o i n t ,  and v i s c o s i t y  a r e  g i ven  i n  Table 1 and show ve ry  l i t t l e  v a r i a t i o n  from one 
s e c t i o n  t o  another .  These va lues a r e  we l l  w i t h i n  t h e  range expected f o r  shale o i l s  
so t h a t  hand l i ng  these products  i n  a p roduc t i on  f a c i l i t y  w i l l  p resen t  no new problems. 

When t h e  i n i t i a l  s h a l e - o i l  product  i s  r e f i n e d ,  e i t h e r  on or  o f f  t h e  s i t e ,  
p r o v i s i o n s  w i l l  have t o  be made t o  handle a h igh -n i t rogen  feed w i t h  modest s u l f u r  
l e v e l s .  These f a c t s  a re  a l ready  w e l l  known and i t  seems from the  da ta  i n  Table 2 
t h a t  the v a r i a t i o n s  i n  n i t r o g e n  and s u l f u r  l e v e l s  a r e  n o t  s u f f i c i e n t  t o  cause any 
problems i n  the r e f i n i n g  s tep  n o t  a l ready  p red ic ted .  I n  Table 2 t h e  hydrogen-to- 
carbon r a t i o s  a r e  ve ry  n e a r l y  the same for a l l  o i l s  so i t  i s  apparent t h a t  hydrogen 
demand f o r  a h y d r o t r e a t i n g  p l a n t  w i l l  depend p r i m a r i l y  on t h e  f i n a l  l e v e l s  o f  
n i t r o g e n  and s u l f u r  i n  the  hyd ro t rea ted  p roduc t .  The r o l e  o f  n i t r o g e n  and s u l f u r  
i n  t h e  r e f i n i n g  o f  shale o i l s  has been d iscussed by Poulson ( 1 4 ) .  
s u l f u r  l e v e l s  i n  these o i l s  a r e  s l i g h t l y  h i g h e r  than those mentioned i n  t h a t  paper 
b u t  i t  i s  g e n e r a l l y  acknowledged t h a t  the s u l f u r  w i l l  p resen t  no problems because 
i t  w i l l  be removed be fo re  d e n i t r i f i c a t i o n  i s  complete. 

Some o f  t he  

The data i n  Tables 4 and 5 were obta ined by means o f  nonaqueous t i t r i m e t r y  on 

The data i s  d e t a i l e d  and t h e r e f o r e  g i ves  a 
the  t o t a l  crude o i l s .  Th i s  method was chosen f o r  i t s  a p p l i c a b i l i t y  to whole o i l s  
and t o  sha le  o i l  d i s t i l l a t e s  (E, fi). 
good p i c t u r e  o f  t h e  o i l  w i t h  respect  t o  n i t r o g e n  con ten t .  The t o t a l  o i l s  f o l l o w  
the t rends e s t a b l i s h e d  f o r  t h e  v a r i o u s  d i s t i l  l a t i o n  c u t s ,  t h a t  i s ,  t o t a l  bases 
exceed the t o t a l  ac ids,  ve ry  weak ac ids  predominate ove r  weak ac ids ,  and weak bases 
predominate ove r  ve ry  weak bases. Since d e n i t r i f i c a t i o n  i s  t he  most troublesome 
f a c t o r  i n  r e f i n i n g ,  t he  r e l a t i v e  amounts o f  weak and ve ry  weak bases i n  the  o i l s  
a r e  wor th  n o t i n g  because i t  i s  known t h a t  weak bases ( p y r i d i n e s  and q u i n o l i n e s )  a r e  
more e a s i l y  reduced than v e r y  weak bases ( p y r r o l e s  and indo les )  a t  low temperature 
and pressure,  w h i l e  t h e  s i t u a t i o n  i s  reversed a t  h i g h  temperatures and pressures 
(11). 
2.09 t o  0.86 i n  the  o i l s ,  t h i s  changing q u a l i t y  o f  t he  feedstock may r e q u i r e  a 
h y d r o t r e a t e r  des ign which i s  f l e x i b l e  t o  assure e f f i c i e n t  o p e r a t i o n  o f  t h a t  phase 
o f  p roduc t i on .  I f  a f i x e d  h y d r o t r e a t e r  des ign  i s  chosen because o f  o p e r a t i n g  
and/or economic cons ide ra t i ons ,  j u d i c i o u s  c o n s i d e r a t i o n  w i l l  have to  be g i ven  as t o  
which shale seams w i l l  be e x p l o i t e d .  

The r a t i o  o f  weakly bas i c  n i t r o g e n  t o  ve ry  weakly b a s i c  n i t r o g e n  v a r i e s  from 

Another r e s u l t  o f  t h i s  s tudy i s  presented i n  Table 6. I f  a g i ven  set o f  
r e t o r t i n g  parameters a re  chosen as the  most i d e a l  for a p a r t i c u l a r  1 ~ c i l i t y ,  the 
b o i l i n g  range d i s t r i b u t i o n  o f  the  product  can be markedly a f f e c t e d  by the cho ice  o f  
sha le  seams which a r e  processed. The amount o f  m a t e r i a l  i n  the  IBP t o  600°F range 
(naphtha t o  I i g h t  d i s t i l l a t e )  can be increased from about 30 pe rcen t  o f  t o t a l  o i l  
t o  about 38 percent  by s e l e c t i n g  t h e  shales i n  the  seams represented by 12, W P I ,  
and WP2. Residuum (I,OOO"F+) can be lowered f rom about 16 percent  t o  l ess  than 9 .  
Th is  type o f  product  mix f l e x i b i l i t y  can occur  w i t h o u t  changing r e t o r t i n g  cond i -  
t i o n s  and cou ld  be c a p i t a l i z e d  on, making an i n d u s t r y  much more responsive t o  
changing f u e l  demands. 
a l s o  have s i g n i f i c a n t  economic i m p l i c a t i o n s .  

Environmental Considerat ions 

Th is  va ry ing  product  mix  w i t h  s t a b l e  r e t o r t  c o n d i t i o n s  may 

As s ta ted  e a r l i e r ,  the p o t e n t i a l  impact o f  sha le  p roduc ts  on the  b iosphere i s  
j u s t  beginn ing t o  be de l i nea ted  and evaluated.  W i t h  t h i s  q u a l i f i c a t i o n ,  a few 
general comments can be made a t  t h i s  t ime concern ing t h e  env i ronmenta l  i m p l i c a t i o n s  
o f  t h e  v a r y i n g  product  q u a l i t y  o f  these o i l s .  
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The phys i ca l  p r o p e r t i e s  o f  these o i l s  do n o t  d i f f e r  markedly f rom any o t h e r  
known sha le  o i l ,  so no unusual problems shou ld  a r i s e  f rom t h e  r e t o r t i n g  o r  p roc-  
e s s i n g  o f  o i l s  f rom t h i s  reg ion  as compared t o  any o t h e r .  As f o r  unique chemical 
p r o p e r t i e s  which may be s i g n i f i c a n t ,  none a r e  apparent. The o i l s  have been analyzed 
f o r  a l l  s t a b l e  elements and t h e y  a r e  v e r y  s i m i l a r  t o  o i l s  w i t h  wh ich  we a r e  f a m i l i a r  
(Is). The analyses were o b t a i n e d  by spark source mass spectrometry.  Table 7 g ives  

TABLE 7. - Elemental a n a l y s i s  o f  t h ree  
o i l s  produced by F ischer  
Assay o n  Wyoming core1 

Sect i on  
E 1 ement L2 wp3 WP7 

Molybdenum 
A r s e n i c  
Z i n c  
N icke l  
Coba l t  
I ron  
Ca 1 c i  urn 
Potassium 
C h l o r i n e  
S u l f u r  
Phosphorus 
S i  1 i con  
A I  uminum 
Magnes i um 0.79 7.9 4.6 

A l l  va lues  i n  ppm; elements f o r  
which va lues  a r e  not l i s t e d  a r e  less 
than 0.25 ppm. 

Sod i um 1.4 4.9 2 . 8  

5.8 

0.43 
- 

17 
1 . 1  
0.61 

0.54 
- 

8.5 
4.4 

0.46 
2.7 
0.40 
3 .1  
0.56 

8.8 
6.5 

5.0 
0.77 

40 
1 1  . 

26 

5.4 

3 . 3  
0.62 

3.5 
2.8 
0.28 
1.2 
1.7 

15 
1 . I  

29 

t h e  r e s u l t s  o f  a n a l y s i s  o n  these o i l s .  The c h a r a c t e r  o f  t h e  o r g a n i c  m a t e r i a l s  i s  
under a c t i v e  i n v e s t i g a t i o n  as  t o  compound types  and s p e c i f i c  examples o f  each type. 
Th is  work w i l l  a l l o w  t h e  e v a l u a t i o n  o f  t h e  b i o l o g i c a l  e f f e c t s  o f  these o i l s  t o  be 
made as soon as the  suspect agents  i n  s h a l e  o i l  a r e  i d e n t i f i e d .  The suspect n a t u r e  
o f  t he  var ious  components o f  pe t ro leum i s  w e l l  known (E) and t h e  a n a l y s i s  f o r  
these m a t e r i a l s  i n  s h a l e  o i l s  i s  proceeding. 

I n  an i n v e s t i g a t i o n  o f  t h e  mutagenic e f f e c t s  o f  a sha le  o i l  and a pe t ro leum 
crude, the b a s i c  m a t e r i a l  i n  t h e  s h a l e  o i l  (8% o f  t he  t o t a l  o i l )  was s i g n i f i c a n t l y  
more a c t i v e  o n  a weight b a s i s  t h a n  the  corresponding bas i c  m a t e r i a l  i n  the  p e t r o -  
leum (>I.O% o f  the  t o t a l  o i l )  (20). Since t h i s  i s  t h e  f i r s t  r e p o r t  o f  t h i s  type i t  
i s  v e r y  impor tan t  t h a t  a d d i t i o n a l  da ta  be gathered on o t h e r  samples b e f o r e  the  
r e s u l t s  a re  g e n e r a l i z e d  t o  a l l  pe t ro leums o r  sha le  o i l s .  As the  b i o l o g i c a l  s i g n i f -  
icance o f  t he  v a r i o u s  b a s i c  m a t e r i a l s  i n  sha le  o i l s  i s  repor ted  f u r t h e r ,  a more 
comprehensive statement o f  t h e  p o s s i b l e  environmental  impact o f  t h e  v a r i a t i o n s  o f  
o i l  w i t h  depth  o f  b u r i a l  w i l l  be p o s s i b l e .  The r e s u l t s  o f  t he  s tudy  on compound 
types and s p e c i f i c  compounds found i n  these s h a l e  o i l  f r a c t i o n  w i l l  be fo r thcoming 
i n  the  near f u t u r e .  

SUMMARY 

A se r ies  o f  o i l s  produced by F ischer  Assay o f  a core r e p r e s e n t i n g  I I  major 
S t r a t a  of Nor thern  Green R iver  Basin--Green R i v e r  Format ion o i l  sha le  have been 
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analyzed f o r  phys i ca l  and chemical  p r o p e r t i e s .  Three major p o i n t s  concern ing  t h e  
r e t o r t i n g  and process ing  o f  v a r i o u s  s t r a t a  o f  s h a l e  can be made. 
i c a l  p r o p e r t i e s  o f  a l l  o i l s  a r e  s i m i l a r  and as such, t h e  o i l s  w i l l  r e q u i r e  much t h e  
same handl ing.  Second, the  types o f  bas i c  n i t r o g e n  v a r y  s i g n i f i c a n t l y  i n  t h e i r  
c o n c e n t r a t i o n  which may r e q u i r e  a f l e x i b l e  h y d r o t r e a t i n g  f a c i l i t y  t o  opera te  a t  
maximum e f f i c i e n c y .  Under the  s t a t i c  r e t o r t i n g  c o n d i t i o n s  o f  the  F ischer  Assay, 
p roduc t  m i x  v a r i e s  s i g n i f i c a n t l y  w i t h  t h e  sha le  s t r a t a  be ing  used as source m a t e r i a l .  

Shale f rom these d i f f e r e n t  s t r a t a  can be handled and processed i n  the  same 
way, r e q u i r i n g  no unique environmental  c o n t r o l  technology. To ta l  e lemental  a n a l y s i s  
revea ls  no s i g n i f i c a n t  v a r i a t i o n s  between s t r a t a  and no p o t e n t i a l l y  harmful  elements 
i n  unusual c o n c e n t r a t i o n .  

F i r s t ,  t h e  phys- 
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A LABORATORY APPARATUS FOP CONTDLLED TIIlE/TEMPEPATU”E PETObTING OF O I L  SHALE 

Norman Stout,  Georw Koskinas, and Stephen Santor 

Lawrence Livermore Lahoratory, University of California,  Livermore, Cal ifornia/94550 

INTPODIJCTIDN 

The Lawrence Livermore Laboratory (LLL) i s  currently developinq teChnO1OgY for 
Under t h i s  concept, a column of o i l  modified in-situ re tor t ing  of o i l  sha l e . ( l )  

shale w o u m r o k e n  u p  using mining technioues, a n d  then the  rubhlized o i l  shale 
would be retorted e i the r  through combustion o r  hot-inert-gas methods. 

As par t  of the research e f f o r t  we have designed and b u i l t  an o i l  sha le  assay 
apparatus t h a t  can be used to  simulate and evaluate the e f f ec t s  of v a r i o u s  heating 
schedules tha t  m i g h t  be encountered in-s i tu . (Z)  

Our  apparatus i s  a modification of the standard Fischer assay vessel and 
apparatus.(3.4) 
re tor t ing  (e .g. ,  the descent of qas and possibly l iqu id  products throuqh reacting 
shale under variable thermal conditions).  
gas and l iou id  product recovery ( a n d  hence, f o r  qood mass balance). 
can be operated in e i t h e r  autogenous (self-generated) qas o r  gas-sweep condi t ions . (2)  

mental resu l t s  w i t h  those from a typical Fischer assay apparatus.(3) We refer  t o  
ou r  assay method as the Koskinas, Stout,  Santor (KSS) assay. 

Chanqes were made primarily to  simulate phenomena common i n  in-situ 

The co l lec t ion  system allows fo r  complete 
The apparatus 

I n  the  followinq discussion. we describe the a@paratus and compare our experi- 

APPAPATUS 

The KSS apparatus i s  shown in F i g .  1. I t  has three aa jo r  parts: a r e t o r t  
chamber, a furnace and cont ro l le r  unit .  and a g a s  manifold and o i l  co l lec t ion  system. 
The design and construction of each component i s  described i n  de ta i l  helow. 

RETORT CHAWER 

Our  r e t o r t  d i f f e r s  from the usual Fischer assay r e t o r t  in three resnects.  
F i r s t ,  the product i s  collected from a deliverv tuhe a t  the bot tom of the r e t o r t  
chamber. Second, our r e t o r t  i s  a s t a in l e s s  s t ee l  chamber, sealgd by weldinq and 
hence capable of operating leak-free a t  high temperatures (1000 C )  f o r  lon3 periods 
of time ( >  1 m o n t h ) .  
with a cylindrical  furnace readily ava i lab le  commercially. 

The r e to r t  chamber (Fiq. 2 )  i s  made in two par t s :  the body ( w i t h  downspout) 
and the l i d .  
in diameter with a s t a in l e s s  s tee l  f r i t  of 165-um mesh, 0.45 cm (3/16 in.)  th ick ,  
he l ia rc  welded in the bottom. The f r i t  provides a porous path f o r  gases and l iquids 
flowing from the r e t o r t ,  while retaining so l id  par t ic les  in the chamber. The down- 
spout i s  0.64-cm-diaaeter (1/4-in.) type 304 s t a in l e s s  s t ee l  p ipe ,  25.4 cm (10 ir,.) 
in length. I t  has a 0.64-cm (1/4-in.)  Cajon Ul t ra tor r  O-ring f i t t i n g  on the e x i t  
end. The l i d  i s  a f l a t  disk w i t h  a thermocouple well a t  the center.  The thermo- 
couple well dimensions a re  such t h a t  when the r e t o r t  i s  assenhled, the t i p  i s  
roughly in the middle of the r e t o r t  chamber. 
alumel (type K )  thermocouple i s  inserted in to  the well. 

Third, the simple physical design of t he  chamber i s  compatible 

The main body i s  a cylindrical  s t a in l e s s  s tee l  pipe 3.8 cm (1.25 in . )  

A stainless-steel-sheathed, chromel- 

The l i d  i s  heliarc-welded onto the  hody a f t e r  the sample has heen p u t  in to  the 
r e to r t .  
t ion during welding. there i s  a small void space between the sample and the cap. 

To maintain the  sample in i t s  natural s t a t e  and to eliminate any deqrada- 
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